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INTROTUCTIQN J 

Written nater.ials are convenient, easily produced and mana'ged 
instructional stimuli uhich increasingly f orm *the fia#is of instruction 
in science classrooros and science teacj^er education pro^rams^ Most 
science ^rriculun projects have produced ^arge quantities of written 
inater;lals^ for both learners and teachers. Textbooks, pamphletjs 
laboratory' manuals and equipraejit, teacher*s guides, programme^! in- 
struction, multi-nedia materials.^ and case studies are all used widely 

with all types of science studelits under all kinds of co^iditions. 

— . * 

,?pecific naterials are commonly selected for science classroors because 
the knowledge presented in^ the materials coincides with some se^ %l ■ 
instructional objectives. Atten,t>ion is rarely giVen to the con^lexity 
of theN learning behavior implicit' in acquiring the instructional con- 
tent ot the materials. In fact, many of the materials have been con- 
structed with little thought as to how scientific knowledge and ideas 
are acquired, or what specific variations fafcilitate acquisition, or 
even hoW variations could be built into materials in order to maximize 
learning. Hence, it is not^^ujrusual that materials from a science^'cur- 
riculifln fail to produce the expected effects ip regular classroom 
settings [l]; many dstute teacher "has found it necessary to make exten- 
sive revulsions. Neither revisions, reconatr^tions, or yet impending 
materials w i\i be able to promote higher levels of Success in .terms of 
learner pertotmance unless attenti^ is first given to the potential 
that written materials have to influence learning behavior. Research 
on mathemagenlc behavior* is concerned with- this relationship and hence 

relevant to- the* teaching and' learning of science. 
♦ ' ■ 



'Science materials cafi influ^ence the learning activity by present- 
ing selected infonoation in a fashion believed to be comp^atable with ' 
some notions of acqiTisition. When learning i"^ assumed to accumulate 
in a {xrogression from siQy)ler» prerequisite leVels to more complex 
^levels, content should be ^arranged hierarchially^(2] ♦ ^ Curricula such 



1 a9 E.S.C.P. and B.S.C.S: ptesent information in sequences congruent 
1 * / / ^ . ^ ' ■ 

I with structures within the science discipline. 'While these sequencer 

'satisfy scholars, they are not superior in their ability to facilitate 



learning [3]. Other curricula s^ch .as Science A Process Approach 

i * ^ ' ' ' ' 

sequence their materials according to ^oceds «based hierarchies. These 

hierarchies, however, are Kmijted to the content of the hierarchy 

and cannot be generalized to new content without empirical va3.idation[U] . 

Other science 'materials such as I.S'.C.S. utilize programmed instruction 

where -selected*, sequenced, or repeated exposures are used to control 

acquisition. Here practice and otfter aspects of the learning activity 

are divided into relatively small discrete -events by instructional 

^ ^ — 

^components including presentation, practice yreedback, and reinforcement. 
[^] All of thes^ approaches to coi^truc^ing/tinritten science materials 
focus only on the relationsWlps betwhep^^esented stimuli and resulting, 
observable performances, negleQting many possible ways in which learners 

^respond internally. Short segments of progranked instruction seem' to 
control the variance of acqaisition among learners^ but they also may 
limit the range of intefna^ learner responses. .This possibility ilium- 
inates why more comp^x learning taslcs, which are considered to "be 
4ependent upon a widetj,^raj\ee^of internal responses, are perhaps not 

V \ * • 

suitable as content for eitner .highly segmented or hierarchial instruction. 




Further coiisideration must be given to" the possibility that the 
internal regponses learners perform .during instruction are education- 
ally Important and manageable. In addition, tactics for mapaging 
'these internal ^tivities nay be mpre generalizable across content 
ta^ks than hypothetical hierarchies • •*"***'^'^T>ii^ 

A plausible alternative approach to maximize learning is sug- 

- ^' . ■ ^. . 

gested by^Ausubel [6] in his work on advance organizers. He prorposes 

i 

that meanin^fol learning occurs when the internal processes of the> 
leamfet assorciate nev.>inf ormation with subsuming Concepts already \ 
in their cognitive structure. If 3uitabie subsuming incepts do ^ot 

, exist in the learner's cognitive .structure prior to instruction, the" 
concept be "presented in advance- of Vthe new information as an 
"advance organiz^i;'". The effectiveness of "advance organizers"- has 
been empirically deyljnstrkted. [7|8,0]^' . | ^ 

Alternatives like Ausubel^s advance "organizers attempt to identify 
the ititemal Responses learners make during ins t^ruct ion, -explore the 
nature of these responses^ and (}evise jnethods for managing them.. Here 
internal responses ^re considered to be sensitive to eternal factors' 
in that they can be directed or shaped by the .plac^jnent of cues and 
proQipts, siich .as 'questions , directions, diagrams, and exam^jles, within 
writteo materi'al X)r oral dialogue. Hence, material cons truc^on can 
Utilize cues and prompts to influence these internal responses in a 
manner appropriate to attaining instructional obj^ectives. For example, 
these mechanisms may be selected to direct the learner into the vicin- 

/ity of'thB instructional material [lO] > or guide^his selecting and /. 



t>roce88ihg of appropriate instructional content [11], and* possibly 
even shape his selection and processing of appropriate stimulus * 
components [12,13,1A]« All of the leaxmer's responses, such as 

orienting, selecting, and processing, are activities classified as 

/ 

^dthemageni^ be)javior. 



^Definition of Mathemageaic Behavior 
»Th^ term mathemagenic was introduced by Rothkopf and derived 
from two Greek roots , Mathema, which meatus "tliat which is learned" 
and' gignesthai j' whipiflieans "to be"^bom'\ Roughly translated math- 
emagenic behaviors ai^e activities which give birth to learning [15]. 
During instruction these are the acti\^iti^s learners perform when 
confronted i/ith .instructional stimuli' and hence they are the be- 
haviors which gil^e birtTi to learning. 

^ In order to describe ^the relationship between mathemagenic be- 
havior and how humans , learn frotn written materials, a distinction 
must be made between' t>he* physical stimulus, presented .to the learner 
and the effective stimtllas encoded by the learner [16]. The^impli- 
cation of this distinction is that the physical stimulus is not in - 

•simple correspondence to *he 'encoded effective stimulus. The. gap 
that probably exists could be attributed to differential orientation 

- f * 

♦of attention, irrformation processing of the physical stimulus, and the 
like^ Since the effective stinjuli are the basis for all subsequent ' 
learning activity, their character detertoines what is learned [17J. 
The notions of effective s.timuli need .not UeHrfmited to written 
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stirdull, but .may tfe extended to oral stipulit. or verbalization on 
the part of the.leaVher as a result of a teach^ behavior in an 
interactive situation which leads vto leaifning^ » J 

. Whfen leaminp, from written mat^ri^^^^J^arners ^must perfospm 
many mathemagenic actlvitiesi collectively identified as re^ftingl 
The mathemagenic activities- , performed^ c^' be Jboth observable of hy- 
pothetical in nature* Observable activities include or\^nti^g ^» 
activities which direct learners into the vicinity .of instructional * 

' / 

objects and stimuli, keep them there for suitable time pj^riods, and 
select and procure appropriate instructional objects once in the • 
vicinity [is]* Hypothetical activities may also be p^erfbrmed and are, 
in general, of greater ii^terest to research in view of their potential 
to facilitate leami^. ^ . • 

Three, groups of hypothetical Mathemagenic behaviors are: traps- 
lation, segmentation and processing. During tratislation learners 
scaij the written page and translate the al^phabetic display into the " 
sound of words ot their subvocal surrogates • This process precedes 
encoding, and if the material is too difficult a result may be dis- 
orientation) an observable mathemagenic activity, leading away from ' \ 
the instructional goal.'' Segmentation occurs when the learner breaks 
down stimulus strings into syntactic and other unit components [19], 
pie procedure attempts to account for the formulation of meaningf-ul 
associative units v;ithin sentences as well as the tnore complex units 
associated between sentences. Finally, processing includes the ^ ^ 
variety of mental activities learners perform with information such 
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as reviewing, categorizing, elaboratimg, devising mnemonic associations j 

and other information processing activ;tties (20]. "^esis activities 

function to elaborate ways, leanlers caa. i#ricorporate prior learnings 

• « 
\nto otherwise -unfamiliar , written stimuli^. They may account for 

some of the variance btetweetv individual pertorinances resulting 'from 

> - * 

exposure. to identical stimuli. •Research in each of the ^foremen- % 

" . . .•''*' 

tforved areas makes the assumption tha^ these activities are persistent, 
nf ' . ' . 

topographical, /exhibit rate' characteristic^/ and are modifiable by 

certain environmental events. ' * ' 

In order for»mathemagenic*hypotheses to become functionaJL, wa^s 

to influence JLe'^&ming behaviors must be identified. Since these 

behaviors are basically' sensitive to elements, within the physical ^ 

stimulus^ variations within this stimulus c^n be incorpo^rated which 
% 

exert influence ui>on selected matHeraagenic behavijp^. In this 'sense, 
the physical stimulus can be designed to include prompts and cues 
that shape thte mathema^nic* behavior. The success of their influence 
upon specific mathemagenlc activity follows tti? notion that ,the be- 
haviors can be shaped. Hov/ever, implicit in this- notion .is that the 
learner responds in a manner guided by stimuli^ and rein^forced by 

' i 

the success of his generating suitable responses. Certain cuing 
or prompting techniques can be associated with each behavior identified 
above*" Segmentation may be influenced by sentence order and relational 
wordage, including verb selection, tense, or proximity of key pkrts, 
within the sentence [21]. ^Translation may be influenced by exposing 
l^mers to audio models of stimulus strings or underlying groups 
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of words tlpt receive special emphasip by influenced by directions, ^ 
test li4ce events, and ,other cues which direct attention or review V 
^ctivi^y toward importan|: 'classes of infohnation within the' reading 
^ activity; ^ , 

' Research on the Control of Mathemagctfiic Activity 

Imterest in mathemapenic activity grew out of the use of questions 

.^within* framesi of prograimned materials* Variations in^question place- 

ment, frequency of" quest;;tonnlng, ^d predictability of ^sponse 

were founy to influence p^d^rmance in* terms b'f acquisflffon and reten- ) 

tion of information [22]. Tlie possibilit exists thfirt the pract;Lce 

and repetition resulting from answering ^content loaded Questions 

, . ' ' ^* \ ' ' ' ' 

can directly influence acquisition.* Tlxese direct instructional effects 

have b«en reported by many studies--[23,2A, 25, 26^^,27, 28f. However, 

differences in acquisition occurring when only question placement wks \ ^ 

* varj^ed^ indicates that the mathemagenic activity may alsp be influenced'. ^ 

Studies of mathemagenic acti^^ty and* factors thai influence th*m 

may ultimately describe, from a generalizable perspective, ways to 

facilitate learning.'^ " ' ' I 

Directions are one type- of instructional factor which seems 

to influence mathemagenic agrtivities. Generally, research with • 

« 

directions have dealt with either directions of intent or manipula- 

tive directions for influencing se/irch activity. The following are 

some specific research findings concerning directions; * ^ ^ 

• Postman and .Sanders [29] • Direct^bns to learn-^specif ic classes 
of information from text materials may .inf luenfe learning; 
facilitation is" not always in keeping with the intent of t 
the directions • • * 
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Efrunlng [30]| Rothkopf Tenenberg [32]. Vague oratory 

directions of. intent affect learter^s matheraagenic activity 
associated w,ith reading sufficiently to evaluate post 
^ ^ test 'performance • . , 

^rase [33]. Specific directions to Tind certain items of 
^ ' I ' information in a "test can also influence incidental 

1-eaming- in addition .to the direct -acquisition of relevant 
Items^ - . ^ 

. Variation in sentence order and'^ape^ition of ■iiif ormatibh have 

been foxmd to alter inspectiou behavior, a laathemagenic activity 

associdted with reading. The following are some specific research 

findings concerning this ot^servationt 

Rothkopf and Coke" [34]. When passages prpvitled immediate , 
repetition of seiitences cpiitalning Key attributive \infor- 
> ^ mation,^poQr retention resulted even yhen the phrasing' 

of the repeated sentence had been changed upon repetition., 

generally, studies using questions are -incidental learning 
stuijies^ whe/re pefformances are measured on a second set pf questions * 
similar , to ^the experimental questions. Th« experimental questions, 
^ ofteh referred to ^s adjuncC questions, are those placed at various 

. / ■ • . . 

locations -withiru-the instructiona|( text naterial itself, {'.owever, 
the information necessar^^o answer the secpnd set of questions, 
usually inclu^fitlOT a post-^test with the. experimental questions, 'Is 
iderftifled as information incidental to the eiiperiinental que^tittns. 
)l€nce, if a^Xhemap^n^c activity*, such as Inspection behavior^ *has 

been influenced positively, the subjects receiving the expferii^en^l 

7 

questions inserted into the instructional material ought to acquire 

• - I • 

more incidental infom^tion than those^^subjects wKo do not receive 

the experimental questions. In this rianner, any meas.ured (changes ^ 

between groups cannot be attributed ro direct instructional effects 

of the experinenfal •question's content. 



An inportant characteristic of questions is^heir position in 

the text relative to the* intended content. Ai^^le evidence is avail- 
' ; • 

able to support the findir''<> that^a simple change in position can 

rar^ically tr^nsf^rr cmse ut-nt .behaviors assbciated with ^ead.nn. 

Tlic\ ^oliov'in^ <»rc > 'C spccffic researc^^ ^^r>(^-^r.^/, conqrrrinf' |-^os:t5on 

of ijnsertec! x^uestions: , v " ^ . ' . 

Drunin<:'^36']; Trase T^othkopf [V^]; ^othkopf ^ 

and Bisbicos [AO]. Experinental, q^uestipns ^dninifteref^' < 
after iT>spectlfi[, text sclents to v^hich they are relevant 
, produce significant gains in incidental l^amiifc.,^ 

. Frase [41]; Rothkopf ['42]. Questions wljec placed befofe" 

relevant text material were found to provide significant 
depres^ng effects on actji/isitlon of incidental learning*. 

Frase[ 43,44] . As the purpose of questions, p^laced after the- 
relevant sjegmefjts of readings .increased, acquisition of 
both -incidental and intended information increased. 

Questions asked in school Ifearning situation^ elicit simple^ to 

conplex responses, yowever, taxonomies^ currently in popular li6*e 

lack the precision needed in order to identity or specify these 

levels o^ ^response [,45].' Therefore, taost experimental research 

which varies the type or c^egroy of question has required each 

researcher^to operationally define levels of response. These are 

some of the specif i'c findings in this area. * \ 



Rothkopf at^d BisbicoS '[ 46]*. Questions were defined' in ^erms 
of eliciti-ng definitions of common or/technical terms. 
Groups expanded to inserted questions with technical 
terms had higher recall of other technic^I^ serf«« 

Frase [47]. Questionfs we^re" defined as comparative, specific, 
or general and all were rated by the learner according* to 
tAe amount of information within the written passages, 
corrected to be relevant to answering the question.' Ratings 



^ Indicatfed that the mmber" of wbrdu prnsctil^ed as necessary 
i ^ to answer, questioap increased in ordef tro specific ques- 
• tions, comparative questipns, and the general questions* 

' " .Frase -(48]. The acq\x±8itioii of Intended and incid^tal in- . 
. fdrm^ttion was fcAmd to be a fuuccio^ of level o^- complexity 

of qu^gtion, herfr, less learning occurred with^general , 
questions than cdmparative questions 'with the^mo^t oo^' 

. — currijag with spec;lfic qufes^tioils. *\ 

Watts and'Andetson [49].' Subjects given ^higher order ques- 
tions (application) versus recall aiid comprehension per- 
^ formed better on alL^ categories o^ post-test questions. 

The relationship between question type and' the amount of ainilar 

information is also'an impprt^ant consideration* ^f the phirase 

/ ' • ^ • . , r . 

contains little itvformation of a nature similar to^the type of respoflg 

required, then* the resporipe becomes highly predictable, influencing 

inspection behavior to seek oui only a few items 'of informatidn# 

^Specifi^ research findings include^he following: 

N \ Rothkopf [50]; Watts and Anderson [51]. Sub^ectfe given 
V* highly predict^able response questions recalled signifi- " 

\ cantly less ^ticldental inf^^rm^tion than subjects whose 

\ responses wpre less predictable, ' i 

The learning resulting from* inserted questions can alsQ be" ' 
associated with various individual learner characteristics. Here, 

• . • . - . • f 

, findings support th^ notion thit instructional Variables such ^s/ 

the pacitig of questions cail^j^nablfe leacnertf' to capitalize on various 

learning characteristics a^d.a^ptitudes* Sp^ciric research findings 

here' include the following:'. ' > . ' ' * 

Koran, M.L. and, Koran, J.J. Jr. [52]. Measures of learner 
associative ftemoxry abilities were positively r;elated to 
performance when subjects received inserted questions, but 
unrelated when they received no in§.erted questions. 
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WiXsdp (53]. Measvyres of leanrcr associative memojry abilities ♦ 
^^^^.positively related to perfonaance when subjects 
celVfed. inserted questions bAsed pn textual infomation, by^ • 
not\when inserted questions were based on diagrammatic in- ' - 
foniation, or* when questions, were h(3t inserted.- 

.It .Ras been assuoed th&t questions.Mnf luence behavior subsequent 
' to' the inserted questions, a process identified as forward shaping . . " 
However; questions may-also serve to influence the learner to mentally 
review the information he ^considered relevant. The following re- 
search considers this .alte^rnative explanatipn: » 

Watts and Anderson [54]. "Forward shaping" theories - ' 
► behaviors subsft^uent to J/Osert^ questions are modified. * *^ 

• ^ ^ "Backward review" behaviors are utilized after exposure 
. tp materials a^^ with post- questions. . ^ 

• - ' . ** 

The effects of inserted questions In written pas^a^es provides . « 

t V 

a means to^contrast acquisition of intended and intidentaj. learning. ^ 

Here, success ^in answering the intended insert^ questions is directly 

related to and the performance on t]ie incidental, post-test questions.' 

Specific research findings include the foilowing: x • 
■ * ^ • * ' ' ' • 

Wilson [55]. Answering, inserted; questions -about diagrams* was 
found to be posltivejLy related tp acquisition of incidental, ' 
diagrammatic information;; a pos^itive, but weaker relation/ 
ship was found also between Inserted textual questions / / 
V and acquisition' of incidental diagrammatic information./ 

Wilson's research is consi^ftent with the notion that an additional 

multiplier is involved when consi<Jering the relative fdcf'litative 

effects of inserted questions upon intended versus" incidental Ifearning.* 

This multiplier refers to the fact that the inten'ded info-nna.ti9n, 

as measured by the intended post-test questions, represents a limited 

^ 1 

*E.Z. Rothkopf, personal communication 
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sample of content .whil^ the incidental information, represents a 
imuth larger sized universe of contents Subjects in^ the treatment 
groups with the intended inserted questions are cue^d^to the i^onna- 
tioa necessary, fo^r acquisition in* order to produce better post-test 
performance^. Therefore, they can attend to less information than 
subjects in DjthBr treatments would h^^Cp^onsider In ojrder to 
achieve the same post*- test perfonn^ce* As a result^ it is hard to 
tell how powerful the influence of inserted questions really is on 
these two performances, * even when the pffst-test questions are the 
same. 

At?pllcation of Mi^th.emagenlc 
Research and Theory to Scierlce Instruction^ 
Discuss'ioo^ of science instruction must not be limited to a 
narrow' v^ew confined to identifying content, specific techniques and 
demoftstrations, and "necessary'J^prerequisites. tTiile these variables 
have monopollz*ed a great portion of concern in science instruction, 
the/ alone account for very. little of the instructional differences 
in instructional effectiveness, beyond these factors, tnathenagenic 
research has established that differerrt instnirtional s que ces, 
patterns of qu^estionning, r\aterial nodes, and other^2' "itruction^jl 
techniques are not^ equally , of fective in terrs of facilitating 
learnings Research inplications (see BerH^ner and Cahen [56] ) sug- 



gest that a pattern of instruction may actually limit student achieve 
ment, a phenomena sometimes referred to as a "ceiling effect". Sotbe 
of the ^^licatfons of mathema£;enic* research will help identify v;hich 
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modes am' patterns of irtstr;;ction produce . litnitinr effects on learihinj: 
Those iAxioh foster f acilifative effects can in turn be incorporated 
into emerging notions of instruction which guide many current eflJorts 
to redesign science instruction and curricular materials. 

Rothkopf [57] suggests the follXing generalisations aboUt 

» 

instruction, based an tlfe foregoing re'seairch and theorv. 

1) "One way of fostering effective mathenagenic activities' iff 

to make sure the student knows what he i^ ^upposed' to learn." 

2) "Providing students with very explicit descriptions .af 

what they ^e supposed tp learn 'has pov7erftil pedagogical 
impact." ' ^ . 

3) "Students that are Vtequired to draw inferepces from the 

instructional materials through use of questions or exer- 
cises, .and are stimulated to go fn otl\er ways beyond the 
information given, have been found to remember more and 
are .able to apply their knowledge in S greater variety 
of circumstances." \ 
^) ''Active participatipn through questions and other similar 
instructional devices is of particular importance for 
students who are having difficulty, or whose sttidy efficiency 
^is deteriorating." ^ * ^' 

.5) "Creating and maintaining appropriate motivational states is 
not sufficient for^leaming success although this i^ 
frequently claimed in the apologetics of instructional 
failures. Experimental •evidence suggests strongly that 
the student^s ihtention to learn is neither sufficient nor 
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In many ^clrcu&tances even necessary for achievement of 
Instructional goals even 'in self-instrudtional s£tuatioji».*, 
^Learning has been shown t^depend on fairly specific activi^K 
by the students which are lYot necessarily brought about 
by simply motivating the student's desire to learn." 
6) "An effective instructional environment supports not only 
positive attitude towards the .improvement of, skills, but 
indu(^s an</maintains the intellectual maneyvers that ^id 
in the desired learning and result in useful symbolic 
representations in the students paemory." ^ 

Instructional Mateifials and Methods, 



Jour general phases of instruction can be id^ntifi^d which ptove 
tp be useful in integrating nathemag^nic research with instruction i«. 
science. These phases are (1> acquisition, <2) performance, (3) priic- 
tice-retention, (4) trans fer-generalizability. Acquisition , refers 

ir 

to activities involving initial encounters with content followed by 
a performance situation where the student demonstrates what he has 
acquired. Practice includes activities where additional encbunters 
with the^ content occur provjtding a means t^ increase levels q^f 
acquisition*. Transfer activities gen^ajly focus the utilizing from 
an; apiilication of the content to new*c6ntents. 

• Considering^^irst Rothkopf^s general -suggestions; focusing 
student attention on what is to be learned does not need^to preclude 
particular school objectives for Instance science objectives such 
as 'exploration, inquiry or the like. Rather these would occur at 



.times when the learner has been prepared for them^ In (5urricula 
such a8*Science-A Process Approach, SCIS and ESS major objectives 
,are to stimulate process activities and conceptual and process acqu^- 
si^tion. In the above model ^^ cus ing would occur during the acquisi- » 
tion of skills stage, subseqAfe'ntly students could demonstrate th^ 
knowledge and skills acquired, practice them, •diverge from them, ' 
and enter, into exploration of new phenomena while using them. -A 
similar interpretation could be extended to upper grade levels of science^ 

w 

instruction dnly greater emphasis would probably occur in tl^e per- 
formance, practice and transfer categories, assuming some prior 
knowledge. 

In all of the above phases, as in all phfi\setf of instruction, 
active participation appears essential. Students must attend to 
instructional materials and to interactive instructional methods. 
Again, in science a pre-lab (Chem study, ESCP) or ^a single concept ^ 
film (BSCS), case studies or programmed materials (project .physics) 
and excursions '(ISCS) dt^allenge the teachers to elicit actl^^par- 



tlcipation. To foster this in the^lassroom context, activity ori- 
ented laboratories, questioning, responding to external stimuli, r 
such as data collection, collating 'and interpretation are^^ll wortl)- 
' while metbddt. However, before these occur one must "he <!3ure that 
"Ininimal acquisition of^ftkills \iaB occurred and a demonstration 
of their acquisition ^perf otmance) recorded. The classroj^ta enviroit- 
ment cAn be arranged fo^ each of ^these. ' ^ xjy 
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^ School texbooks for the most part are constructed in such a ' ' 
way that they provide ample opportunity for, teacher intervention 

I 

in attempts to capitalize on mathemagenic behavior.. For one thing, 
even though important terminology is highlighted, teachers may need 
to ask questions; derive relationships, and discuss meanings. Stu- 
dents shoulpl be taugh^ that the highlighting has ail instructional 
function* Similarly, ample diagrams and examples can be found in 
texts such as sciencfe, social s^^ies,' and others. Again ,Mq* order 
for thfese to become effective stimuli sl^dents must be directed to 
them, ja^tend to them, and at least covertly respond to then. Finally, 
questions at the end Of each chap^r can be use^ as backward review 
components if students are directed to the relevant aspects of these* 
questions. The teAcher'^ job here Is to stimulate mental review 
and processing through discussion, student-student interaction and 
the like. • , ^ , . 

The^^i^phasis of mathemigenic^research is on . facilitating the 
translation of physical stimuli to effective stimuli. The mechanisms 
suggested generally |jnply gXructure: cues and prompts, -Questions, 
directions, diafraras, examples, directions, objectives, reviewing, ^ • 
'categorizing and elaborating. These appear to have implications 
for how a classroom should be run — or what the environment or 
climate should be like. Open classrooms, classrooms without walls, 
and overly flexible and unstructured environments would seem to be 
the least appropriate settings for educating the average student. 
It has> however, been generally shown in learning research that low 
to average students require more structure than above average students, 
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Structure is also reflected in almost all school curricula presently 
in use in that student^ are required to read, if only directions, 
encode and perform* The classroom environment needs to be sufficiently 



controlled so that average students have th^ best opportunity pos- 
sible to succeed* For instancy persQXial observation of supposedly 
"self -paced" programs in science classes suggests a tremendous burden 
on student reading skills as they work "i^idependently" through work- 
books* Most students do not have these skills adecj^uately developed. 
Open envriotments only minify the problem and reduce the teacher's 
opportunity to stimulate mathemagenic behaviors, that might optimize 
the output from reading, »^ 

Ij| conclusion > ^this has been an all too brief ^attCKnjpt to relate 
research, H^eory and^ practice* Gross generalizations are never wise 
because someone ukn always be ^^hnted upon to present a personal 
experience contrary" to research findings, theory, and the authors' 
experiences. Hoii^ever, for the sake of discussion and professional 

stimulation, areas have been presented and discussed, here for which ^ 

^ ''i * 

there are arguments "pro and con. VJhoever is correct, it jnust be 
•* 

kept in mind that the objective of instruction is^^^aming and the 
purpose of schools is to provide a setting in which this pan take 
place. Methods, materials and teachers should be selected for their 
ability to bring about learning. Althouph there nay be nany other 
noble goals or objectives ascribed to the schools, these authors 
rill be satisfied if ve ac'ilevn the purp'^se of producing and facilita- 
' ting learning. 



24 ' ^ 



\ 



" REFERENCES 

% 

1. Walker, D.F. ^nd Schaf f arzick, J., Comparing Curricula* Review ^ 
" of Educational Research , 1974, 44 (1), fi3-lll. 

2. Gagne, R.M. , The Gonditions of Learning * Hew York: Holt, Ri^hart, 

and Winston, 1972. - , . « 

3. Ausubel, D.?., An Evaluation of the^ B.S.Cj,S. Approach to High 

School Biology. American Biology Teacher , 196^, 28, 176-186. 

4. White, R.T., Research int^o Learning Hierarchies. Review.^ of 
Educational Reseajrch , 1973, 43 (3), 361-375. 



5. Lawson, I Chester A., "Construction and Evaluation of Programmed 

Materials in Biology." American Biology Teacher ,- 1963, 25 » 
2Q^8c:211. \ ^ 

6. Ausubel, D.P., Educational Psychology: A Cognitive View . New 

' YorkL Holt, Rinehart and Winston, 1968. 

7. A^ubel, p.P,. and Fitzgerald,^., Organizer, general background, 

and antecedent learning variables in sequential verbal learning. 
Journal of Educational Psychology , 1962, 53, ^43-249* 

8« Koran, J.J. and Koran, M.L., Differential' response to structure 
of aflvance' organizers in sciencp instruction. Journal of 
Research in Science Teaching , 1973,- 10 (4), 347-333. 

9. Novak, J. D.,* Ring, Dtn^ld G.,^ and Pinchas, ^Timar., "Interpretation 

bf'Research Findings ^;n' Terms of Ausubel's Theory and Impli-/ 
. cations for Science Educatioii." Science Education , 1971, . 
^ (4), 4a3-526. 

10. Hall^R.V., Lund, Q. and Jackson, K. , Effects of ^teacher attention 

on study behavior. ^Journal of Applied Behaviot Analysis , 
1968, 1, 1-12. /^^^^ ^ ^ 

~ . , ? 

11. Walker, H.M. and Buckley, N.K. , The use of positive reinforcement 

in conditioning attending behavior. Joum^al of Applied Behavior 
Analysis > 1968, 1,, 245-250. 

12. Bruning, R.E. Effects of review and test-like events within the 

learning of ptose tnatlari^l'. Journal of Educational Psychology , 
19^8, 59, 16-19. 

13. Rotl^kopf, E.Z. and Coke; E., Variations in phrasing, repetition 

interval, and the recall of sentence material. 'Journal of 
Verbal Learning ^and Verbal Behavior ^ 1966, 5^, 86-91. 



25 



J 



14. Frase, t.T., Cybernetic control of memory while reading connected 
discourse. Journal of Educational Psychology , 1969, 60, 49-55. 

15* Rothkopfy E.Z.y Some theoretical and experimeiital approaches 

to problems in written instruction* In'J.D. Krumboltz (Ed.), 
Learning and the Educational Process . Chicago : McNally , 
1965, 193-221. > 

16. I^t^kop^y E.Z., The concept, of mathemagenic activities. Reviev 
^ of Educational Rgsearch , 1970, 325-336. 

17. * Ibid, Rothkot>f, E.?., 19/0. 

18. Ibid, Rothkopf, E.Z., 1970. 

19. Op. Cit., Rothkopf, E.Z., 1965. r 7 ' 

20. Ibid,- Rothkopf, E.Z.^^965. \ ^ , 

21. Anderson, R.C, Control of student mediating process during 

verbal learning and instruction. Review of Educational Re- 
search , 1970, 40, 349-369. <a 

22. Rothkopf , E.Z.J Sojif conjectures about inspection behavior in 

learning from written, sentences^ and the response node problem, 
in programaed self instruction. Journal of Programmed Instruc- 
tion , 1963, 2, 31-46. 

23. Hershberger, W.A., Self evaluational respond and topographical 

duing: techniques for programming self-inptructlonal materials. 
Journal of Educational Psy.chology , 1964, 55, 288-369. 

24. Kelslar, E.R., A descriptive approach to classroom motivation. 

Journal of Teaching Education , 1960, 11, 310-315^. 

25. Op.^Cit., Rothkopf, E.Z., 1963. 

26. 'Op. Cit., Rothkopf, E.Z., 1965. 

27. Op. Cit., Rothkopf, E.Z., 1966. 

28. Rothkopf, E.Z. and Coke, E., Variations in phrasing, repetition 

interval, and the recall of sentence material. Journal of Verbal 
Leam^g and Verbal Behavior , 1966, 5, 86-91. 

29. Postman, L. and Sanders., V.L., Incidental learning and the 

generality of set. Journal of Experimental Psychology , 
1946, 36, 153-165. 

* *• 

30. Op. Cit., Brunlng, R.C^^ 1968. 



3K Op. Clt., Rothkopf, E.Z., 1966. 

32. Tenenberg, M.S., Effects of different study Instructions on 
learning from written materials « Doctoral dipsertation, 
University of California, Berkieley, 1969. 

33^ Op. Cit., Frase, L.T», 1969. 

34. Op. Cit., Rothkopf, E.Z\ and 6oke, E., 1966.' 

35« Rothkopf, E.Z., Tvo scientific approaches to the management 
of instruction. In I^.M. Gagne and W.J. Gephart (Eds.); 
Learning Research and School Subjects . Itasca, Illinois: • 
P.E. Peacock, 1968, pp. 107-133. 

3^. Op« Cit., Bruning, R.&., 1968. 

37. Frase, L.T.» Learning from prose material: length of passage, 

knowledge of results, and position of questions. Journal 
of Educational Psychology , 1967, 58, 266-272. 

38. Fraae, L.T., Some data ^oncernin^ the oathemagenlc hyposthesis. 

> American Educational Research Journal , 1968, 5^ 181-189. (a) 

39» Op. Cit.,|Rpthkopf, E;Z.,'^1966. 

40. ^Rothkopf, E.Z. and Bisbicos^ E., Selective facilitative ef facta 
of interspersed questions on learning from written material.^ 
Journal of Educational Psychology , 1967, 58, 56-61. 

41* Op. Cit., Frase, L.T., 1968. (a) 

42. Op. Cit., Rothkopf, E.Z., 1970. 

43. Op. Cit., Frase^ L.T^, 1968. (a) • • 

44. Fraae, L.T., Effects of question location, pacing, ^nd node 

upon retention of prose materials. Jourfial* of EducationaL 
Psychology , 1968, 5^, 244-249. (b) . . 

♦ 

45. Frase, L.T., Boundary conditions ^or mathemagenic beh//lors. 

Review of Educational Research , 1970, 40, 337-347. I 

46* Op. Cit., Rothkopf, E.Z., and Bisbicos,* E. , 1967* 

47* Frase, L.T., Some unpredicted effects of different questions 

upon learning from connected discourse . Journal of. Education- 
al Psychology , 1968, 59, 197-201. (c) 



48. Op. Cit., Frase. L.T,., 1970. 

'49.' Watt^, G.H. and Anderson, R.C., Effects of .three' types of 

Inserted questions, on gleaming from prdse. Journal of Ed- 
ucatlonal Psychology , 1971, 62, 387- 39A. 

50. feothkopf, E.Z., Learning 'froia written materials: an exploration 

the control of inspect idn behavior by test- like events. 
Araerican Fducational Research Journal , 1966, 3^ 2Al-24r. - 

51. Cit., ^'atts, O.K. and Anderson, R.C.'^ 1971. 

52. ^oran, M,L. and Koran, J.J., Differential response to Cjfeestion 

pacing in learning from prose. ^ A paper presented ,at- the 
annual American Educational Resea^rcK Assi^ciation, Chicago, 
1972. , . ' ^ ; 

» * * 

53. ^Wilson, J.T. , The effects of individual differences on learning 

^ from writtgn materials; the control o.f inspection behavior 
^ by ,tfest-li1ce events. An unpublished doctoral dissertation, 

/'•^ • Unl^Ysity of Florida, 1973. 

52*. Op. Cit., Watts, G.H. and Anderson, R.C., 1971. 

55. Op.. Cit., Wilson,- J.T. , 1973.. 

* 

56. ' Beh liner, D." and Cahen E., "Trait** treatment Interactions and 

Learning". In Keriinger, F. (Ed.), Review of Reaiearch in 
Education ^ F.E;' Peacock, Inc.', 1973. * 

.V . . \ ^ - . ' ^ ^ X 

57. Rothkopf ^E.Z. , Course Content and Supportive Environments for 

Le;aming. Educational Psychologist . Vol, 10, No. 3^,' 
123-238,^973. 



